Summary. A radioimmunoassay for bovine fetuin was developed and its specificity and validity established. Albumin was measured by radial-immunodiffusion assay.
Introduction
Serum glycoproteins are considered to be products of amino sugar metabolism in liver (Spiro, 1965) and fetuin is a major glycoprotein in the plasma of fetal calves and lambs which has been isolated and chemically characterized (Spiro, 1960; Marti, Aliau, Bonfils, Vigne & Moretti, 1973) . Studies on fetuin have included the determination of its chemical structure (Nilsson, Norden & Svensson, 1979; Baenzier & Fiete, 1979) and investigations into its possible physiological role as an immunoregulator in fetal development (Yachnin, 1975) , in fetal thyroid hormone metabolism (Fisher & Lam, 1974) and as a serum inhibitor of trypsin (Galembeck & Cann, 1974) . These biochemical studies were based on in-vitro experiments with isolated fetuin, and the interpretation of such findings has been limited by inadequate information on changes in the synthesis and subsequent concentration of fetuin in various maternal and fetal fluids during development.
Plasma proteins of mammalian fetuses undergo qualitative and quantitative changes during both fetal and neonatal growth and development. For example, one protein associated with fetal development and studied in detail in several mammalian species including the cow has been alpha,-fetoprotein (Branch, 1972; Lai, Forrester, Hay, Hancock & Lorscheider, 1976; objectives of this study were to develop a radioimmunoassay system for bovine fetuin, to determine the changes in the level of fetuin (mol. wt 48 400) (Spiro, 1960) in fetal and neonatal plasma, maternal plasma, amniotic and allantoic fluids during development, and to compare the physiological distribution of fetuin with that of albumin (mol. wt 65 500) (King & Spencer, 1970 separated. Antiserum (3 ml) was absorbed on a 0-9 9 cm Sepharose 4B column which had 1 ml non-pregnant cow serum covalently linked to it as previously described (Lai, Hay & Lorscheider, 1978a) . The monospecificity of the absorbed rabbit anti-bovine fetuin was confirmed by immunoelectrophoresis (Scheidegger, 1955) .
Radioisotope labelling
Pure fetuin was labelled with carrier-free 125I (Amersham, Arlington Heights, Illinois, U.S.A.) and subsequently purified by gel filtration carried out by the method of Greenwood, Hunter & Glover (1963) as modified by Lai et ai (1978a) .
Standardization
Pure fetuin standards used in the radioimmunoassay were prepared by weighing freeze-dried fetuin which was de-salted by dialysis against distilled water. The salt-free fetuin standard was dissolved in radioimmunoassay buffer (50 mM-sodium phosphate, 0-15 M-NaCl, 3% (v/v) normal rabbit serum, 0-02% NaN3), pH 7-4.
Radioimmunoassay
The 125I-labelled fetuin was diluted in assay buffer such that the radioactivity was 120 000 d.p.m./ml. Each radioimmunoassay tube (10 75 mm) contained the following components: 0-1 ml assay buffer, 0-1 ml fetuin standard or unknown sample, 0-1 ml 125I-labelled fetuin, 0-2 ml antiserum to bovine fetuin (diluted 1:2300 in assay buffer). The tubes were incubated at 4°C for 20 h and then 0-5 ml 20% (w/v) polyethylene glycol solution (mol. wt 6000; Fisher Chemical Co., Calgary, Alberta; in 50 mM-sodium phosphate, 0-15 M-NaCl, pH 7-4) was added. The contents of each assay tube were stirred on a vortex mixer for 10 sec and centrifuged (4000 g, at 4°C) for 30 min; the supernatant was removed by aspiration. The radioactivity bound minus non-specific binding in the precipitate (B) was divided by the radioactivity bound minus non-specific binding in assay tubes that contained no unlabelled fetuin (B0) and the ratio was expressed as a percentage. Non-specific binding was determined by omitting the fetuin antiserum in 3 assay tubes.
Radial-immunodiffusion assay
Quantitation of fetuin and albumin was also performed by radial-immunodiffusion assay (Mancini, Carbonara & Heremans, 1965) using 2-5% (v/v) antiserum to bovine fetuin and 1% (v/v) rabbit antiserum to bovine albumin (Miles Biochemicals, Elkhart, Indiana, U.S.A.) in 1% (w/v) agarose gels.
Animals
The 61 blood samples were obtained by venepuncture from 10 pregnant or post-partum cows with known breeding dates at a local ranch. Plasma specimens were also obtained from 7 non-pregnant cows. Samples of amniotic fluid (n = 92), allantoic fluid (« = 61) and fetal plasma (n = 19) were obtained following removal of the intact conceptus from the uterus of cows at a local slaughterhouse or at the Animal Reproduction Laboratory, Colorado State University, Fort Collins, Colorado, U.S.A. Forty-six of the allantoic and amniotic fluid samples obtained from different animals were matched for gestational age. The fetal age was estimated from crown-rump length and fetal weight (Salisbury & VanDemark, 1961; Arthur, 1975) (Lai, Peters & Lorscheider, 1978c) fig. 2c ). Fetuin values of plasma samples assayed by radioimmunoassay and by radial-immunodiffusion assay were also compared and the values obtained were highly correlated (Text-fig. 2d ).
Fetuin levels during development
As shown in Text- fig. 3(a) In the allantoic fluid fetuin is present in higher concentrations than albumin throughout gestation (Text- fig. 3b ) and is the most dominant protein during the middle third of gestation as revealed by disc polyacrylamide gel electrophoresis (unpublished observation).
Amniotic fluid concentrations of fetuin and albumin throughout gestation appeared to be similar and gradually increased, with the highest concentrations being observed at 8 months (Text- fig. 3c ). Although albumin levels in amniotic and allantoic fluid were similar, fetuin levels were consistently lower in the amniotic fluid throughout gestation.
In maternal plasma concentrations of fetuin decreased from 0-7 mg/ml at 1 month of gestation to about 0-4 mg/ml at term and for at least 3 weeks post partum (Text-fig. 3d ). Levels of albumin appeared to be relatively stable during pregnancy although there was a decrease to <30 mg/ml at 2 months of pregnancy.
Discussion
This radioimmunoassay permitted the accurate determination of changes in the concentration of fetuin in various fluids during fetal and neonatal development. The radioimmunoassay technique has an advantage over other immunological techniques such as Ouchterlony double diffusion or radial-immunodiffusion assays because fetuin is present in amniotic fluid during early gestation in concentrations lower than the limit of detection of these latter methods. Normal rabbit serum was used in the buffer system of our radioimmunoassay procedure instead of bovine serum albumin because the source from which commercially available albumin is purified is unknown and fetuin contamination is possible if calf sera are used as the source of albumin. A double-antibody assay system to precipitate the 125I-labelled fetuin-antibody complex was avoided because such a procedure involves the use of a secondary antibody produced in a goat or sheep, and it has been reported that sera of these animals contain proteins that cross-react with bovine fetuin (Bergmann, Levine & Spiro, 1962) .
Fetuin levels in fetal plasma from 4-9 months gestation are similar to those reported for cows by Bergmann et al. (1962) . However, we found that plasma fetuin levels decline at or near term in bovine fetuses. Furthermore, at term and during the first 2 weeks after birth the rapid decline in fetuin concentration in calf plasma and a concomitant rapid increase in plasma albumin concentration suggest that there is a change at this time from fetuin to increased albumin synthesis by the fetal-neonatal liver. It would be of interest to investigate the molecular mechanisms and physiological significance of the decrease in fetuin synthesis, a protein rich in carbohydrates (Spiro, 1960; Marti et ai, 1973) , and a corresponding increase in the synthesis of albumin, a non-glycoprotein (Brown, 1976) .
Following the rapid decline in fetuin levels in calf plasma during the first 2 weeks of post-natal life the fall in concentration is slower in subsequent months. By 3 months post partum the values are approximately 3 times the adult levels, unlike the plasma alpha rfetoprotein value which has declined to adult levels by this time (Lai, Smith, Church & Lorscheider, 1979) . The present findings on fetuin synthesis in both fetal and post-natal calves are different from our earlier reports on alpha 1-fetoprotein (Lai et ai, 1979; Smith et ai, 1979) (Weiss, Macri & Elligers, 1976) . It is believed that bovine fetal urine ultimately contributes to the formation of both allantoic and amniotic fluids (Arthur, 1969) . In the present study, we observed that the concentration of fetuin in allantoic fluid was 1-5 times higher than that in amniotic fluid throughout gestation. Others have reported that for most of bovine fetal development the allantoic fluid volume is larger than that of amniotic fluid (Arthur, 1969; Eley et ai, 1978 
